Lung tissue behavior during methacholine challenge in rabbits in vivo.
Previous studies have shown that lung challenge with smooth muscle agonists increases tissue viscance (Vti), which is the pressure drop between the alveolus and the pleura divided by the flow. Passive inflation also increases Vti. The purpose of the present study was to measure the changes in Vti during positive end-expiratory pressure- (PEEP) induced changes in lung volume and with a concentration-response curve to methacholine (MCh) in rabbits and to compare the effects of induced constriction vs. passive lung inflation on tissue mechanics. Measurements were made in 10 anesthetized open-chest mechanically ventilated New Zealand male rabbits exposed first to increasing levels of PEEP (3-12 cmH2O) and then to increasing concentrations of MCh aerosol (0.5-128 mg/ml). Lung elastance (EL), lung resistance (RL), and Vti were determined by adjusting the equation of motion to tracheal and alveolar pressures during tidal ventilation. Our results show that under baseline conditions, Vti accounted for a major proportion of RL; during both passive lung inflation and MCh challenge this proportion increased progressively. For the same level of change in EL, however, the increase in Vti was larger during MCh challenge than during passive inflation; i.e., the relationship between energy storage and energy dissipation or hysteresivity was dramatically altered. These results are consistent with a MCh-induced change in the intrinsic rheological properties of lung tissues unrelated to lung volume change per se. Lung tissue constriction is one possible explanation.